Abstract: In this paper, we study oscillatory behavior of the fractional difference equations of the following form
difference equations of the form ∆ α x(t) + f 1 (t + α, x(t + α)) = v(t) + f 2 (t + α, x(t + α)), t ∈ N 0 , 0 < α ≤ 1, (1) with initial conditions ∆ α−1 x(t)| t=0 = x 0 where ∆ α is a Riemann-Liouville like fractional difference operator f i : [0, ∞) × R → R, i = 1, 2 and v : [0, ∞) → R are continuous with respect to t and x, N a = {a, a + 1, a + 2, . . .}.
The subject of Fractional Differential Calculus is as old as the differential calculus, and goes back to times when Leibnitz and Newton invented differential calculus. But fractional calculus gained popularity among science and engineering community only in last few years. Fractional Calculus has recently been applied in various areas of engineering, science, finance, applied mathematics, and bio engineering, [12] [13] [14] [15] [16] . In recent years, researchers and engineers have increasingly used fractional-order dynamic models to model real physical systems. Theory of fractional differential equations involving both Riemann-Liouville and Caputo fractional derivatives have been started quite recently, see books [14] [15] [16] .
However, very little is known regarding the oscillation and existence of solutions of fractional difference equations up to now, see [7] [8] [9] [10] [11] . Recently, the oscillation criteria for some fractional differential equations are established see, [1] [2] [3] [4] [5] [6] . Here, we present the oscillatory behavior of equation (1) .
A solution x(t) of (1) is said to be oscillatory if it is neither eventually positive nor eventually negative; otherwise, it is nonoscillatory. Equation (1) is said to be oscillatory if all its solutions are oscillatory.
Preliminaries and Basic Lemmas
In this section, we state some preliminary results of discrete fractional calculus and the well-known Young's inequality, which will be used throughout this paper. Definition 2.1. (see [8] ) Let ν > 0. The ν-th fractional sum f is defined by
where f is defined for s = a mod (1) and ∆ −ν f is defined for t = (a + ν) mod (1) and
. The fractional sum ∆ −ν f maps functions defined on N a to functions defined on N a+v . Definition 2.2. (see [8] ) Let µ > 0 and m − 1 < µ < m, where m denotes a positive integer, m = ⌈µ⌉. Set ν = m − µ. The µ-th fractional difference is defined as
Theorem 2.3. (see [9] ) Let f be a real-valued function defined on N a and µ, ν > 0, then the following equalities hold:
Lemma 2.4. (see [8] ) The equivalent fractional Taylor's difference formula of (1) is
Lemma 2.5. 
Main Results
We consider the following conditions:
and
where p 1 , p 2 ∈ C([a, ∞), R + ) and β, γ > 0 are real numbers.
Theorem 3.1. Let conditions (3) and (4) hold with β > γ and 0 < α ≤ 1. If
where
then every solution of equation (1) is oscillatory.
Proof. Let x(t) be a nonoscillatory solution of equation (1) . Suppose that x(t) is an eventually positive solution of (1). Then there exists T > 0 such that x(t) > 0 for t ≥ T . Let s ≥ T , X = |x| γ , Y = γp 2 (s)/(βp 1 (s)), u = β/γ and v = β/(β − γ), then from Part (i) of Lemma (2.5), we conclude
where H is defined as in Theorem (3.1). Let (2), we obtain
and is convergent. It follows that
Therefore, we find
which is a contradiction to (5). 
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where H is defined as in Theorem (3.1), then every bounded solution of (1) is oscillatory.
Proof. Let x(t) be a bounded nonoscillatory solution (1) . Then there exist constants M 1 and M 2 such that
Suppose that x(t) is a bounded eventually positive solution of (1). Then there exists T > 0 such that x(t) > 0, for t ≥ T . Part (ii) of Lemma (2.5), we obtain
where H is defined as in Theorem (3.1). We can prove
Thus, we see lim sup
which contradicts (11). where 0 < α ≤ 1. We see that x(t) = t 2 , a non oscillatory solution . Here α = 0.5, β = 5, γ = 1/3, p 1 (t) = p 2 (t) = e t+α and v(t) = 
